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A B, AR BRI R, SRR E R RS AR <=
B ORI . B 4 A TR i
W9 R b (4 WALSE, 2015), il e AP R 40
A e TR 30 S L R e B S T )Y 2 T L R R B
A& BT RREE H (8 WALAE, 1998),

T PR A 1 s B B A i dfE s L X
15 5L P A A AR B 5 ) B B, /NI PR A A bl
Al BB 2 6 I B R b 8 o B 7 A R 205 IR (Houde,
1987). Z @ISR THAEH T, B 028 500 st
TR AT O A S M- I I AR B R KA
ANTT AR AN AR TT o A0 RS IR T ] ST TR Al
Tk DXy A, 3 R L MR ARV A £ R DL
WS b R B %, e 22 AR DX Sl v S8 Y 7K 3 ) A
FE R T, RS e b ST AR Y 23wl 1 2l ) 2
filhs Bl ey AT it 2 B s BT, 2480R
MK Z BRI R ) S R dh . | FrEE AL
15 YRR BTG e TG gy, DA =T T T G
R R TR AR YRR A R TRIAR DA
SR E SR T O AR 54, KA KR
B R Bz o T il A= B S R DR R, 1R
WEVR . MRHE . VR R AE AR BE RO, I I v K R
BESE, TR SR (& LA, 2015),
TR VAR W IR Y v R BT, B T A R
1) A RIS, SECEDRIE N2 B AR K
PR TR FEIR CREEIEAE, 2002; R THEE, 2013),

M 20 28 50 AEATT 4G, s K- BESERTIT S T
A B | AT HE R W R A T AR, YRR A S 3
BN/t (Larimichthys polyactis) . 5 f.(Trichiurus
lepturus)SF LTS 1964~1981 AETETT SR )i P [
XFUF(Fenneropenaeus chinensis)y= 537 84 Bt 1 45
Wk Bl | AFHE R BORNEE RS, 1988). ILE,
JELA 1982~1983 4F iy JH 4R % H 1 4 (32 5 fh 4%, 1988)
A 1992~1993 AR J] 4F- 7= B H ] 22 55 22 1k (7 i 5t
%, 1998), HEA 21 tih4d, FEIIJE 2013~2017 47, %
T K P58 BT AT () Z IR H , A T T
LR AR H A . 30 RS RIAERRAT
Rt P S 1 £ DA HE (BT} AR ST 40L5E T g s i £
GORE, S T AR IR I A AL AR UL 1982~1983
TV A GO AR, SO R4l B a8 T i

0 TP AN SEREAR IS P 0 A KL, S R IP iE
el e B A 3 sl SRR M B R

1 #R5F&E
1.1 BIERIR

WK = WF5E I 1982 4F 4 H~1983 4 5 H 17
14 JE) A 28 ) e 0 e ol % D 0 B L R R A (R AR,
1988); 19924E8 H . 10 AM 199342 A . 5 A A
& 6 H LA 4 Akl 5 I8 W 8 A OF B 5 5F,
1998); 2013~2014 4F. 2014~2015 4E | 2015~2016 4F
DL 2016~2017 4FFEAT R 246 AR 22 B H ol 78R
WA b, fapfrHE A Y oy FENEZ —, H
5 UG H D R A e S AR A A [ AL R AT RS
SR AN T] 81 A Rk 3001 30 145 £ B0 A4 420 2R AR 3l 437 B s []
W1 AE 1,

17 OF | AFHEfAR R AE A 1048 80 cm, K 270 cm
38 GG i 8 il AR R, R KN, &
iR JZHEM 10 min, AR 2 n mile/h, FRASH]
5% K AR R Sy MRS W B A2 o SE I 2 P AR B VR i AR
Py R RE S b Bk B A HE (L, B AR A
B, O U N IR E I R E L, AR
B—WFh e, RIS KR B W B i sk A
. KRB BAAREMOr2W. Hial . Wi,
1639 FEBR) AT HES) fa (RTIATf0 . S5 ifF £ HEfn
gl fa),

1.2 BIFHAESEEMNMEY

AWFFE T A= 255 B A A B A 25 5 B2 (Ecological
density of number). A~ [ ¥ A B 1 £ B9 A= 25 9% 1 iR
i IX RPN ZET 5~8 BRI ArfE AR AR
JE DRI AR A 4 H BRI, el e i
FH T 7KT- 6 X R wfE DL A ], AR T [ B LA RN
BE BT, R BT LAt g Y 1) S s £
SRAFHEMCRL . VR R FRIEAT LA (2 FAR5E, 1988,
TIER R 1998), RS [R] I 14 7 8 2l (o F g R
[F], DA 1982~1983 4F A& 45 KAE A AR GNE R 1),
& H R ¥ GLM #55 (Generalized linear model, |~ X
LRANERIRY), B BB 4% 77 1 0 23 1) 3 A (i D) R S
ROBEFRFE(ZET), 43 5N 0 50 sl A7 FE f0 2R 2% A T
Bk, AR 555 - B 54 (Abundance index)Fi 755 i1
B AFE AR 25 B (T SCUL, 2015), DR s HE £
RO Sy 25 5 A 30 £ B s A7 £ ) A g
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Tab.1 Survey time, area and number of sampling stations in the Bohai Sea in different survey periods
P25 3 L BCRN B[R] (H - ) The number of sampling stations and survey time (month-day)
)y Year
# 7% Spring -2 Z Spring-Summer X Z% Summer #Z Autumn 47 Winter
1982~1983 67 71 78 74 32
05-06~05-19 06-07~06-17 08-05~08-25 10-07~10-25 01-28~02-05
1992~1993 L 57 55 59 30
05-25~06-07 08-08~08-18 10-07~10-21 02-15~02-21
2013~2014 56 52 49 50 51
05-17~05-26 06-18~06-26 08-10~08-20 10-13~10-31 02-23~03-05
2014~2015 52 52 49 50 45
05-17~05-26 06-15~06-24 08-13~08-22 10-09~10-24 01-09~01-20
2015~2016 98 98 98 o 41
05-17~05-30 06-13~06-25 08-05~08-17 01-09~02-08
2016~2017 98 98 98 90 55
05-16~05-26 06-18~06-28 08-02~08-12 10-13~10-26 12-15~12-24
o A
Note: ‘—’means no data
— s —+ N . NP R
13 ARPENPEETANFHEEABMENE H'=-3P P 3)
E:RHES i=1
S
iz i Pinkas AHXJ 5 ZPE$E KL [Index of relative D¢ =1 —ZP,-z @)
importance, IRI, (1)](Pinkas et al, 1971)X}&:fi K 4 25 -
CC=S,/(S; +Si—S5) (5)

T A b B R R R A A R 2 A R A B HEA T T, LA

ity A I e A FHE AP F P25 (Dominant species) . 2

2% (Important species) Fl 3 2L 1 2 (Main  species) 19 5%,

s

IRI = (N % + W %) F% (1)

IRI = N % F% )

KD N% Ay B A ) 7 v B b £ 0 B4

HE oA BC 7 A DR B HE fa S ER s W % R R

YRR A o i v B £ O B AP HE £ A= i L] F T

B R HES) B A RERAR /N, LA Z A, H

AR R X — P, IRI 32 20 0] LA 16k

K Q) (FIEASE, 2010), BUIRI{E KT 1000 FE X

hy G BATHE f LR MO E BRI IRI (Hoh
500~1000, fFHEa B2 IRI{EH 350~1000,

14 ARBPEMBEFTAINFHEEYH SHEMEK

KH o 2 O —FF R - B8 TR 2
[Shannon-Wiener index, H'(3)] 1% ¥ 7k £ k¢ 1 45 X
[Simpson's diversity index, Dg(4)|F 5% ik A [7] 2 i
19144 20t N AT RE I Rh Z R0 SR B ZFEI B2
Jrik—TJaccard FEFEFRISLH AR IS £ [Coefficient of
community, CC (5)]Fb#e 4441 (] 40 28 U A TR (fa D
FFHEAFNEC S I ITHEO PSS AR BE (Whittaker, 1972).

KO (A)H S A2 )45 25 a2k
WA FEAETE rp s B £a B SR AR RN R, PO EETR
HR S i £ B BT fr T o B AR fE R R
e, G S, 2 A HLBARE G 1] £0.28 LR 7
TR R, S 0 SR 2 A FEARAE 03 4% 1 A Fig
2 CC R 0~0.25 Wf, FEFEZIBCAAERL; 5 CC Ny
0.25~0.50 I, BEVEZ & RHRL; 4 CC H
0.50~0.75 B ; FEVE Z [ H S A R0 24 CC A 0.75~1.00
mf, BEVE Z AR

1.5 FEOREMAERE B AMET KB A

MR 01288 X R 40 2 1A S SCHR R 51 (H I 4,
1993) K 7 B 2 A 114 3 I 28 20 Rl 43 A 2 ¥ Al (Warm
temperate species, WT), BE/KF(Warm water species,
WW)F1¥4 i (Cold temperate species, CT). AR 3 X1
S (201 1) it = B 23 (A T 28 A940) 43 Sy KBl 22 v 7K
JiS )2 125 (Continental shelf demersal fish, CD), Kt 42
A TfEME 125 (Continental shelf reef-associated fish, CRA),
KEtHEHE K b [ JZ£125(Continental shelf pelagic-neritic
fish, CPN), KFGZEHE K H i )2 125 (Continental shelf
benthopelagic fish, CBD), KRhiAE KM+ 2
1125 (Oceanic pelagic fish, OEP)FI KR K K2 25
(Oceanic bathydemersal fish, OMP),
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Fig.1 Survey area and sampling stations in the Bohai Sea in different survey periods

a, b: 1982~1983 4Euh{i(a H 1982 4E5 H. 6 A. 8 A. 10 A;b N 1983 4E 1~2 A); ¢, d: 1992~1993 4Euh{i;
(cH 199248 A, 10 A, 1993 4F 5~6 A;d K 1993 4F 2 A); e, f: 2013~2015 4Esfifii(e i 20134E 5 A, 6 A,
8H. 10 AK2014F5H. 6 4. 8 A, 10 A;f N 20144 2~3 A,201542 A); g, h: 2015~2017 5EuhfiL

(gM20154E5H. 6 H. 8 HFI2016 45 H, 6 H. 8 H. 10 H;hh 201641 H. 12 A)

a, b: Sampling stations in 1982~1983 (a: May, June, August and October in 1982; b: January~February in 1983);
¢, d: Sampling stations in 1992~1993 (c: August and October in 1992 and May~June in 1993; d: February in 1993);
e, f: Sampling stations in 2013~2015 (e: May, June, August and October in 2013 and 2014; f: February~March in 2014
and February in 2015 ); g, h: Sampling stations in 2015~2017 (g: May, June and August in 2015 and 2016, October in 2016;

h: January and December in 2016)
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Kl 2 b). i LTS A L 6 AR 8 H)faopfp
HUH 1982~1983 411 38 Flt, ZIK FFEE] 2015~2016 4%
B 18 Pl (A2 1982~1983 4E114 1/2), £ 2016~2017 4
WA TP IR AR NIE R E 26 FR(E 3a). 1982~
1983 AE AN PR FFEFE BN 1, 1992~1993 4FER TN
3.09, #EA 2010 4Ff5, fAORGEURF R FE BRI T B,
VAR R — B 4B TE 0.05~0.09 7K (K 3a), 410 B %
JEEREAN 2 1982~1983 4E 11 1/10. ik 45 A B HAAS
[ 25 BT HE S R RO R A S B EEE S A
BB KEHREIERE TSR MTEAZ=N 28
3 R 3E fnEa (F 2¢, 18 2d). BhiREAFHE SRR EOU
1982~1983 4F(H 52 FpCLREMAE 3 Fln, TR

£ 2014~2015 41 25 Fh(FIEOR R 1982~1983 41
1/2), FJ5 FTFZE 2016~2017 46 40 Fp G dR g fa
25 9 Ffr; & 3b). fFHEMTTIRFAEFE AL 1982~1983 4F
Rl 7E 1992~1993 AR5 TR 1.087, S ATHE
R EFR BRI T B, 3 A Ok D 4 R AE AR A
(0.679~ 0.761; & 3b), YEiAFHEMBIR AL
1982~1983 4] 3/4,
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Fig.2 Number of species and ecological density to fish eggs and larvae profiles along the survey
season across different survey times

a: MUIFRSS; br O AE SR CRL/M); oo AFHEMFPZE; d: AFHE A A5 T (B/M)
a: Number of egg species; b: Ecological density of fish eggs (ind/haul);
c: Number of larvae species; d: Ecological density of fish larvae (ind/haul)
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Fig.3 Abundance Index and species number of fish eggs (a) and larvae (b)
=2 #E&EEREE ML JRI>1000)F0E ZE (TR1>500)F 38 & B 3 448E iR 04 B 288U
Tab.2 The dominant (IR[>1000) and important (IRI[>500) species of fish eggs with temperature adaptation (TA)
and habitat types (HT) to their adult fish in the Bohai Sea in recent 30 years
Abr il EIESERFRE N(%) F(%) IRI  GliiEZEA TA #7285 HT
Month Year Dominant and important species
5 A May 1982~1983 FEYD T S, zunasi 49.20 4582  2254.65 WT CPN
B K. punctatus 42.86 24.29 1041.07 WT CPN
fi E. japonicus 38.09 14.61 556.49 WT CPN
2013~2014 2 E. japonicus 23.21 96.34  2236.39 WT CPN
2014~2015 2 E. japonicus 91.60 46.15  4227.48 WT CPN
2015~2016 fiz E. japonicus 45.06 4556  2052.55 WT CPN
fifi P. indicus 21.80 35.56 775.27 wWw CRA
2016~2017 fi E. japonicus 47.74 27.84  1328.81 WT CPN
6 J June 1982~1983 i E. japonicus 92.82 69.01  6406.11 WT CPN
1992~1993 2 E. japonicus 1.00 96.70  9670.67 WT CPN
2013~2014 fig E. japonicus 86.93 30.77  2674.63 WT CPN
2014~2015 fi E. japonicus 98.01 47.06 4612.43 WT CPN
2015~2016 2 E. japonicus 32.99 74.99  2473.99 WT CPN
2016~2017 ik J. grypotus 18.57 38.38 712.69 WWwW CBD
WA 585 Cjoyneri 14.42 47.47 684.80 WT CD
fig E. japonicus 27.07 19.19 519.57 WT CPN
8 A August  1982~1983 WA E 8y C. joyneri 57.51 43.48  2500.29 WT CD
/g8 S, japonica 27.19 50.72  1379.03 WW CD
1992~1993 fit E. japonicus 34.55 92.43  3193.21 WT CPN
2013~2014 fiz E. japonicus 56.78 2292 1301.32 WT CPN
EWILLE 8 C. joyneri 38.63 33.33  1287.69 WT CPN
2014~2015 fi E. japonicus 56.78 25.00 1419.62 WT CPN
WA E 8 C. joyneri 38.63 33.33  1287.69 WT CD
2015~2016 W85 C. joyneri 68.40 46.94  3210.49 WT CD
2016~2017 EWIL 58 C. joyneri 9.86 43.43 827.42 WT CD
10 H October  1982~1983 185 L. maculatus 64.38 97.81  6297.46 WT CRA
1992~1993 85 L. maculatus 56.99  44.07  2511.45 WT CRA
fifh E. japonicus 41.11 20.34 836.21 WT CPN
2013~2014 1687 L. maculatus 91.43 14.00  1280.00 WT CRA
2014~2015 L85 L. maculatus 22.00 87.21  1918.60 WT CRA
2016~2017 185 L. maculatus 100.00 10.00  1000.00 WT CRA
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EoKR R, ACFRZE/N, LR 8 R A K
PR CD 2%, 1982~1983 4F Jy /i W) £1 7 fi Fi /b
fig(Sillago japonica), 1992~1993 4., figfa EnfE—fL3Fh
5 HEA 2010 4F, s LU R M) 217 652013~
2015 4F) 3, AR (2015~2017 48 )5 W 21 7 5 K
B —fRRAFIA(FR 2). EREEZE(0 ), RHEFE
J3 CRA fa2%, 1 1982~1983 4FE N AE6i(Lateolabrax
maculatus), BEJGTE 1992~1993 4F, &FMALFE T+

%3

58 R R el I AR R R 2 LI AE iR B —
FFRGEE 2),

5 VA A 2 0 A1 HE £ 0 3 AR ki B R Ao f6 01, 7E
HRZETT (S H 6 AHIRSEF LI IR M CPN 28 3,
1982~1983 4EH1 1992~1993 4F Jyfigffi | BEBEANF i 1)
T, TR RN CPN fa288R(Liza haematocheila) .
CD 28 BUFFE i (Chaeturichthys stigmatias)FIV3
T CD 1 2895 [CAF-fifli (Sebastes schlegeli) It 3 s
ETE, TR SO LR RE (R 3), 128 A, L

8K EEETFHA LB ARI>1000)F 1 EZE(IRI>350)F 38 K H 3= 4 &E iR A4 fr 28 8Y

Tab.3 The dominant (IR[>1000) and important (IR[>350) species of fish larvae with temperature adaptation (TA)
and habitat types (HT) to their adult fish in the Bohai Sea in recent 30 years

Hiy Y FHE £ (e 345 L Bl

Month Year dominant and important species N(%) F(%) IRT  GEEZEAI TA #T2EH HT
2 A February 1982~1983 A8 L. maculatus 6.25 66.67 416.67" WT CRA
1992~1993 KNt H otakii 58.82  26.67 1568.63 CT CD
2013~2014  JFIR&HR E. fangi 62.50 2549 1593.14 CT CD
2014~2015 I KRBt E. fangi 96.34  56.82  5474.05 CT CD
2015~2016  JiIN®HH E. fangi 82.19  26.83 2205.15 CT CD
2016~2017  RiR/NZAh H. otakii 4442 3091  1372.99 CT CD
I KRB E. fangi 35.89 18.18  652.48 CT CD
5 A May 1982~1983 fig E. japonicus 4.76 86.87 413.65" WT CPN
2013~2014 #82 L. haematocheila 4.76 86.87 413.65" WT CPN
2014~2015  ## L. haematocheila 81.57 19.23  1568.63 WT CPN
2015~2016 #8 L. haematocheila 27.78 12.86 357.31 WT CPN
2016~2017  #8 L. haematocheila 97.85  41.24 4035.22 WT CPN
6 A Tune 1982~1983 BEY T 0 S. zunasi 40.88 28.17 1151.46 WT CPN
B K. punctatus 41.00  21.13  866.29 WT CPN
1992~1993 B K. punctatus 17.54  51.11 896.59 WT CPN
BT 0 S. zunasi 17.54  42.15  739.50 WT CPN
2013~2014 X RBUF R C.stigmatias 18.82 21.15  398.16" WT CD
2014~2015  PFICFAil S. schiegeli 5333 3529 1882.35 CT CD
WK T8k H. sajori 21.18 27.45 581.31 WT CPN
2015~2016 2 L. haematocheila 48.45 23.79 1152.74 WT CPN
2016~2017 #2 L. haematocheila 13.64 28.28 385.79" WT CPN
8 H August  1982~1983 PR i AEL 4. S. anastomella 1292 39.13 50537 WT OEP
1992~1993 # E. japonicus 38.18  37.81  1443.73 WT CPN
W% K. punctatus 21.82 43.61 951.51 WT CPN
2013~2014 FICER DL A. bleekeri 72.84 33.33  2427.92 WW CPN
WK T8 H. sajori 16.84 5625  947.46 WT CPN
2014~2015 FERERI A1 A. bleekeri 72.84 3333 2427.92 WW CPN
VIC T8k H. sajori 16.84 56.25 947.46 WT CPN
2015~2016 VIR T H. sajori 29.80 50 1490.17 WT CPN
2016~2017 YR H. sajori 12.78 4242 54221 WT CPN
10 A October 1982~1983 /MEEE S, japonica 16.44  56.00  920.55 WW CD
1992~1993 fig E. japonicus 79.53 2542 2021.89 WT CPN
2013~2014 # E. japonicus 85.37 8.00  682.93 WT CPN
2014~2015 85 L. maculatus 16.00  23.08  369.23" WT CRA
2016~2017 fig E. japonicus 33.77 14.44  487.73" WT CPN

* IRI YK 3t 500, B RME

* means no IRI value exceed 500, the maximum value would be used
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P B IR TE OEP QM i (i &1 f (Strongylura
anastomella)”s N 1992~1993 4 (1) fig a FIEEER, U1K
R /K PE CPN 428 [RARIN 1 (Allanetta bleekeri) FIHZ I
M CPN 112K VD [C N 8 (Hyporhamphus sajori) {3 &
B, B A FE (R 3) BT (10 ),
TESR B IR JE VAR 1982~1983 4E(Wu e al, 2016){LHFh
HWEKME CD fa2e/ kg, 1992~1993 45 LA Fh R
gt Al CRA f2E1EH(R 3), &F(1~3 H)ighig#
JEARIRAR, TESRJE/RJE AR 1982~1983 4E4Z= (1%
2 Wu et al, 2016) 3 g B2 i 1 CRA fi 2468

x4

HARFEMR IR CD 028 Kk /N 2k ff (Hexagrammos
otakii) 5 [ = Wit (Enedrias fangi) WG HFIIE(E 3).

HsaMrEam TS M KFEMHEES

ZR AR ER, MUY R 2K
(H'F1 D) B AR IE N FETHR BT HFE R, 176
IR TR TG, &F(1~2 A)ifik; H'F Dy 2
CHUEAM AT, AT HIAERRZE (5 A)ME Z(8 Ak Fg(E,
HFHZ6 H)WFh Z K ILE 4a, Bl 40), 5%
WA, BEAI RN 0.20~1.95, EH K

2.3

8 X RS XM R SRR AT ILA M B p AR BER

Tab.4 Matrix of the # similarity index (CC) of ichthyoplankton communities in the Bohai Sea between different survey periods

Ay Year 1982~1983 1992~1993

2013~2014

2014~2015 2015~2016 2016~2017

1982~1983 0.62
1992~1993
2013~2014
2014~2015
2015~2016

2016~2017

0.62
0.46
0.48
0.45
0.48

0.57
0.54
0.46
0.49

0.46
0.57

0.64
0.47
0.51

0.48
0.49
0.51
0.58
0.63

0.48
0.54
0.64

0.45
0.46
0.47
0.59
0.59

0.58 0.63

A2

Winter

®E L
Autumn

2%

Summer

BEE
Spr-Sum

BE

Sprin;
%
Winter

A ZF Survey season

TkZE

Autumn

HZE

Summer

EHF
Spr-Sum

BE

RS

Spring L L

1982~1983 1992~1993 2013~2014 2014~2015 2015~2016 2016~2017 1982~1983 1992~1993 2013~2014 2014~2015 2015~2016 2016~2017
JE I} E] Survey time/year

Kl 4

PR A5 i 5 o ST AN ] 231 £ BRI £ 7 4 - A = 3 AR 2 RE PR 2K

Fig.4 Shannon-Wiener and Simpson's diversity index to fish eggs and larvae profiles
along the survey season across different survey times

a @O0, b AFHEARR-ENIREG ¢ MY, d FFHEmE5 R 2R AL

(a) eggs and (b) larvae Shannon-Wiener index; (c) eggs and (d) larvae Simpson’s diversity index
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1982~1983 4] 1.95, 1992~1993 4E 2 W F &% 0.22,
JFTE 2013~2014 4E B AH 0.20; [ 2014~2015 4E MR 5
PETHEH, 12 2016~2017 SETHE 1.4 Ef . BEZE
1B H'JEE N 0.13~1.84, b 1982~1983 4K 0.42,
1992~1993 4F[EE 0.22, JF7E 2014~2015 FFER(H
0.12; [ 2015~2016 4F 45 2 B3 | Th & %,
2016~2017 S ZIE(H 1.84, HZ& H'IERIHN 0.38~1.22,
Hir 1982~1983 4E4 1.21, 1992~1993 FE AR N4 %
AHE 0.38 4k IEZHT LT, T 2016~2017 4Fikl
1 1.23, BZE H'EHE K 0~0.78, Hi 1982~1983 4F
Jpo0.12, WEETE 1992~1993 4EfY 0.78, 4 {HWITE
2016~2017 4E14 0, A ZERAFR 2016~2017 4EIMEAH
KA E a0 (] 4a),

fFHE HRN D AETHR ZET (5~8 BRI+ L F&
WEHT0 A ZBAE 2 A)BREK, fFHEAM H A D
RGN, ERR RIS, AEERRA 4b,
Kl 4d), #SHARHYE, H3 SRR 0.15~1.06, HAF
fbfa$i 55 0 OUAR Bz, Hir 1982~1983 4E MR 4411 0.57,
WA} 1992~1993 4E () 1.00, M5 7E 2013~2016 4]
WIHEFHETE 0.95 L) b, T 2016~2017 4F K H{EACH 0.15,
HHEZE HHEEN 0.55~1, Hr 1982~1983 4EH 0.65,
DEH 1992~1993 4E[ 0.56, IT4ER(2013~2017 4F)
Hi T W 58 £2 B} (Gobiidae) ff1 24 45 52 Fh 2 KR 184 i
(% 2016~2017 FFPBE IR 9 Fl, H B BEKIR
JELTE, I 2016~2017 4ETH EIE(H 1.81, B ZA1HE
o H' G B E, 7E 0.89~2.59 2 Ja), Hirhlg(E ¥
1F 1982~1983 4Ef%) 2.59, 1992~1993 4ERE % 1.24, Ff4E
2013~2014 ‘EELEAH 0.89, ITFHK(2014~2017 4F)H
PG A, 2016~2017 4F H' ETHZE 1.65 K24 K
FAFHEM HYOEIYEE, 78 0.54~1.69 Z[i], JHrh
1982~1983 4E{H My 1.48, 1992~1993 4E[& % 0.70, Jf
1E 2013~2014 [ 7% E4E 0.54, 04k 28 [H] 7
B, FFFE 2016~2017 4EFHRIE(E 1.69, 42 HIE
Flh 0.15~1.06, 4FEMAZSE AR, 1982~1983 4F H'
4 0.80, UEEHMILAE 2016~2017 4E) 1.27, BMEHN
2014~2015 419 0.16([& 4b),

¥ 6 25 R A B B£8R RS ST R AR S T
BIG I  , 1982~1983 4EH1 1992~1993 4 1 25 1Y)
FIEREA CC AT 0.50~0.75 X Ji], BEVR &A1 ;
M5 2013~2017 4F-£-4F [a] fa 28 A R BEAR CC {3
i T 0.25~0.50 IX[a], FEd& M SEARMERI(ER 4).
1992~1993 4F CC {5 1982~1983 4F . 2013~2014 4F
Fl 2014~2015 #54F E AR FERIA CC EHAT
0.50~0.75 IX[i], FEPEPAEALL; TS 2015~2016 4F
A1 2016~2017 4F CC {EHI T 0.25~0.50 [X[u], FEPE

[ P AN RE AL o 3 AT R b S T R R S B B B P
e RAMERTERAT A 2013~2014 47, HAaZHL 1
ANFEREA CC 15 2015~2016 44 0.47 1 T 0.25~0.50
XM, FEARITPEAAHIGRE 4). B AR b
FURFAFN A RN B ARRITEFE BRI M4 R R
eV AL R BEAR IR R 2015~2016 4, 2016~2017 4,
2013~2014 4F, 2014~2015 4F, 1982~1983 4EF1 1992~
1993 45,

24 HERAEMBATINFEHAEXBNEELE
R

AN [) ] A B 30 3 Vg 0 285 W I b B AR 7 2 A
AT AR DL CD F8Ui ., kA CPN., CBD.
CRA F1 OEP, T1fij OMP Fi24E [ sh K (K 5). H
1982~1983 4E# % 2014~2015 4E, CD f1 CBD fa2sFh
H¥ry 41 M2 TR 19 M, RAEEECE 2 el
i 1982~1983 4EMfR s 67.21%, FRER 2014~2015 4
[ 54.28%; 2016~2017 4EFE L L2 34 Fh, PR LE
B ZE 64.15%(F 5), CPN F%id 1982~1983 4E
16 Flt, ZEW T IEZE 2014~2015 4E9 11 F, & afpk
BES S Z AR 2 LTS, i 1982~1983 4E (1)
26.23% b THE 2014~2015 £ 31.43%; 2016~2017 4F
CPN RSB/ NIE ETFE 12 F, 5 RSB0 4 e
TREZ 22.64%, [ 1982~1983 4Eif CRA FhE B A
PRFFREE (2015~2016 4EBRAN), i BFEECH o &R
S BT, AR I/NE [ . OEP(SR B
s ) OMP FhE(HEBZERE Lophius litulon)AF-[0]
K o AN R R 2 B S0 T £ 28 B I 0 B A X6 1
AR 250 R 2R B 3 DA IR AP U R R KRR SRR
Z, WAL, A IR KA 6).
AN (R 8 2 B 1 4% 3 TR SIS TR £ DA ) SRR RO Sy
PO SR sh AN K o BRIR M 1 28 7 MR S 80H o L 4%
WA AT 50%, Hip 1992~1993 4F g PE
Kb BAMEEE A N 62.22% 55, 2016~2017 4F
I U M €0 28 7 BRI SR BOA A LU R AR 50.94% . R K
P BRI 7 e AE 2015~2016 4R B AKX
23.68%. Wi G BRI ECE A LR T
P, 1 1982~1983 4FHY 11.48%, FTFE 2016~2017 4
i 20.75%(& 6),

3 itie

H 20 tHh22 90 AR LIORIR E T = 2R RN,
Mp FEIR  RER , BIRSS R R TR KAk, X 7R
it Lo g, RBU SN FC T L, Fh2sg
B, U R N BRI AT, i i
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Fig.5 Comparison of the number of species to different habitat type in parent of the
recruitment stock between different survey periods

F25% Number of species
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
L L B L L B B L L B B L L L B B L B B B L L B B
cTh L . ; . Jer
ww - - - - Hww
WT | L - - - wr
| I .| || I I | I | I || IR I | || IR T | | | I | 1

2016~2017 2015~2016 2014~2015 2013~2014 1992~1993 1982~1983
P2 ] Survey time
K6 i RN R S Rh SERE A I 2 1A 2% 3t 21 B AF [ R S B e A
Fig.6 Comparison of the number of species to different temperature adaptation type in parent of the
recruitment stock between different survey periods

W S22 e H 5 %18 (Tang et al, 2003; Shan et al,
2016; 2= SLAE, 2017), b FREE RS AR 8l 22l #h 7T
HARBIRS), 1 BB AU RN FEAS R R vl R
IR E R, 30 RAEMIRAF 0 A — EVE
A TR O LA 3, R i S 58 0 AT UL SR 225 9 k)
bR —BUNAE B 2500 280 o MR btk B8
TR AN FE R IR, 5 1982~1983 AE A AH F X4 Hi 4%
ZeAT (K2R A £a D0 AT HE £ R 2 ORI R 2 B 48 4L

PIC BRI TR, AT oAl 20
28 80 AR 172 Ay, BEURFEFER RAEHTAY 1/10;

FEHE O RS EORIBEIR = B2l 20 tE4D 80 4FE4RHY 3/4
JEAT o 45 VR B SO A ) 245 F R AR SR P AR AL AN B B
HFREAERE BB FMISH/NE CPN mZunF v T
| BB B 10 75 b 24 i 1) B2 0 G AF R /NVEL €D
CBD faZanny iyt FnJg Wy 21 & L s e /5 5 i
e, SRt dE Oy R B R R
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FIE KPR /NS CD £ 28 QIR W) 175 65 A/ i A Oy
ENPEL/EAN - B ek b R A A R iR
HA AR IR RS R, FEMFEE T d/NE CPN
AR B T AR CPN faZiRfh
H i OEP 25 i 01 4117 9 /ML CPN 128 7h
QT gt ; Bk Z= /ML CD £ 28 /D BiE0 Sy /NAY CPN
flgfh; &l CRA fZEEHTE, CD MRk
IREARNTT R o IS )2 B BT R e b SRR
DU E U T R o 0208 AR ST MR R S B LR ]
2, ITAERAN S R R R B WP & A
ST [R] 2545 £2 B F0AFAE (1 ) B 2 REMEKF | 250 il 6
T GRS AT, 2% 32 ZERG BT 2R 280 7 IR AR R 28 Ky
IR T S S RAFLR G R AEOK T R M
AW & LT R, R R R R 2R BT A A
JIr R

31 METUXNBBEAXTHERHITHEERYS
HEMEREEZmMEINIR

30 TR A5 AR A Y A= AR A D T R (45 ) S
GRS SN B2 T SRR ) SE R Rl 2 [ R
PR 2 025245 Hjort(1914) 82 H 1 ol BE 5 PEAS
F 3 Az — <P shie”, 45 a2 R AR IR B BEA T
4y £ 1 BT 23R BT 0 2 IR A I R = B
FE S I . KR EREESFE AN R, AR
TE RS HEACAR Bl T2 K . Cushing (1975, 1990)
¥ Hjort(1914) LS HEAT T4, &1 7 DLt 50T
it R Pi(“match-mismatch” hypothesis), 8§} 254
HE 11 J FLPHORE A 4 e Bsf 8] R s ) b ) —2oi: 5 5
PR D T Y R PR 2 £ ISR B I () X R L
SRR M, 5 B IS T AR BRI S I E X IR FAT
0T e R A RIS 2., I AE R A R e Ak
AN TR) 8 A= 3 S SR ke B v G LI RD T 4 R 5 iR AE
Py ) 23 DG E 1 DT 8 B DR 1, D3R v W AR B i
#(Peck et al, 2012), 18 R 28 X R 8L 5 A ELIRER
VAL L3 T DX B AR PR (R 3B AR 55, 1994) ) it Tl
LRI e vl D AR AR 2 2, F2 SR AR AR R vy SR
J5i 2 AJK 2 (Chen et al, 2009), X 2 Flik 247 (BIEh
JE K-8 B2 R BTR & DO TR IE R A5 4 R AR i 24K
o B R = IR IR BRI A O | AP REf S SEIX, HoAfl
TR HIORE B AR AR R 1 R 1k B8 AKOF 6 B2 1) K
AN, TREDK R R 2 RS BRI
FEIAR /DN, DRI 228 ol fa B (Ul P A £ ) e B 46 vp I B
HHE XM Eh(EGE T %, 1965; Wei et al, 1992; 75+
252008, 2014),

FER o0 AR TR T, BT

ENSO(EI Nifio/La Nifia-Southern Oscillation)&#’S i 5
F 23 3 5 ) = EK R WK sh 1 A k(iR . R
) RV 3% 56 Atk 25 3t AR P A 15 V9 0k = 2 20 35
TR RS AR Bl (4 AL A, 2015). X PR AE
g RBA LI R, WA 1960~1997 4, iR 2
R T 2.82 PSU, KiRFA® T 0.92°C, RZEKIE
FTFT 041°COTEZSE, 2002); HZS RN RN
AR SR SSIE B2, T X P A 280 LA O SR )
AR TR [ 1980~2002 4F, —HEM AWK, I
FE 1997~2002 AE[AIAEREE DT LIRAL; 2002 4R )5 Al
FimE e —EBEN T, [HEA 1978 FLKRAN
U ik T M PR AR AT R U2 (Fan et al, 2008;
Ren et al, 2015), MW EMYIMEEME, 1ERWIHA ™
A 2 U RS SRR R RE SR R K e R A
i ) R 4 e i 2 5 e 1 s i ) s, L 32y
P B G R i B e 1 I3 fh 7K i 94 719 (Eilertsen
et al, 1995; Mcquoid et al, 2010), 255 kb 75 A
(51 PR T U A ) L e A R A i 1 300 sk i =4 o5 0] 32 32
2 i BE YR Y 1 A2 BN A5 Tl (Edwards et al, 2004), B
AT AR AW KR BN LT, A PR (ARG &
A AFABEATT O SRR AT, AR E A
5 Hob Ak S 49542 T K (Edwards et al, 2004), X[
RETE B A 28 R AN SRR IR S TRV E W AR BC , DT R
AN FERE J1 T WAk T S PR e AR R 2R, B |
11 (Bottom-up control), B4, H 20 HE:42 50 44X
Uy A AT 20 4R A XA IR HE 0 A0 1 4 BR 52 (W
et al, 2017){H45 30 4 2 4 25 7= B BT 1 IS TAE A0 AR 2
FUGE IR B R AU B T B (A& = a2 2L
UL B R IR IG A , SR P A% G5 0 B A7 £ 008 A BRURE
D7 LTI AR, DT iAo 2 2 A 7 £ 0 35D A2 Ab e B
LA OE) RS R 2 I i 4 AR A R A A
VY e < A (5 07 N T el I oy N i o 2 R
TV PR AR AL Ol AP RN FE L FR A RE ), R Y —
AT RS AEAR AL IR B0 B AR AR W (KRB R AR W TR 2
(PR P 8 DT TE 55 AN DT BC )Xo 4 s £ 57 00 A 37 s 1)
SR, I T FLAE N [R] A DL SR ) 2R AS [R] 4G 2, b
[B] 4 5 I AR JE (Peck et al, 2012),

32 e ST E NN
EHMEBEZMAIAR

Jiti 7 5 5 3 %t B A BRI & R DL B
MR, FECHOAE Y SR BT A AR R
AP F IR AR HLSK 4% e 5 e R R DU = R T
AENE A 288 25 3 SRR | 7 R G 3R M O B PR B A2
T2 ¥ (Bianchi et al, 2000), [ 2000 4F D)ok &b 78 4 3
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8 S BN A SRR IR JE I (Zhao et al, 2003),
AN AR AE A PE AR AT (Tang e al, 2007) kI
SRS (5 AT PR AR Wan et al, 2012)58 180K
it o v L A A L ABT R FE AN 2 R A Y R R 1Y
FERNE ., fEmR R I T @ E Rz A
1950 LI K T3 40 % ; Shan et al, 2013)iiE a1
KGR R T RE 18 20 thaD 80 FARE AT
W, PR S RUNR SRR VR S5 M Ak, AR E] A
e ) P SO B 2 AR, L3R . DL L
B A S5 B AR, R DI IR 2 B A P Fh e B
WA SERER ORI B 2R R S, iy fh . FLY
(Pagrosomus major) . ¥ 4 @ (Paralichthys olivaceus) . ¥
W & B Cynoglossus semilaevis) . JiAHg # th(Collichthys
lucidus). /NS, A LERP SN P P SRR L BE i 155
S B S AR I AR R A h 4 anii# € (Tlisha elongata)
S [REYL IR IR R N, AFHE AL H RS R
JEE Bt B, 5 D PR T R R A 457 (A 5 45 1 R A 45
SR EE 1Y) I 5 22 S ) B NS TR Bl el T B R R B A
Yo s, o HL ORI 22 B # 28 (HF R R 7 2
WFpEfh . #%FF Hemiramphidae 75 [C T #fn . SRR}
Atherinidae 1 PRI £8) 1B iy A= #1.25 (fil R} Scorpaenide
BV EGF- il ) A A 10 [ 2010 4F LR FE R TR A8 25
BCAPERARNZE T 26 f1 2 0 BF iy T AR B A )
SRR, SRAME G AR IR D7 2 JC R AR I, TS fiE
S WA GRS R OL S 2L TRl AR R AR
R RO U 2 B W R ) B W U, TR
WEES T, BRI AR B A 2 2 8
F+# 4 (Bianchi er al, 2000), XFEFER . B EAH)
FHE PRl Z AR R b R I B, H
W 259 M B e A 5 T D B ™ R R R Y
2016~2017 4. TMi7ERLEAG 58 N Z R4 Bk £ 5
S TR A 5 VR Y GHE R Rl A T R R TR T S 1
(Bianchi ez al, 2000), 1 H 2010 4F LI KX N %5
14 B 0 2 A7 HE £ i B0 in o (S AP AE f ) i 22
FEPEACT T 25 R A 4 i

SEGUE N RN AR ES RSN
FRAMARSYy, SAE T EE M (Maynou, 2014), X
TEEEERICHISL , fdfh | e, HEHOT M. WIRTER
R PRI A 25 rp B /N £ 2fS £ B BT HE £
A AR 2 RN SR AR ). PSR R 1],
it fe FERR VRS, W AEPT K #(Calanus sinicus) |
KRR (Euphausia pacifica)%, 2 40 2 &
FRIZWEBL T AL, WK 55 58 (Scomberomorus
niphonius) . /NE A | 7S EEHAENWei et al, 1992),
TEE Y M b R I e sh W e o s SR Rt

AT, SRS RGN RER TS ML ia 5 &
KIOVER, RS RGP A LY Fi(Tang et al,
2005). FETEEIX H 20 4D 90 AL LRI iR 2%k
F14) 52 01 R HAEE T S 1) D o8 A5 12 o 0 288 =2 %) 9 85 7R )
SURIBEI, ORI T E N RS, R
P2 R R TR 37 F K Bl B R 0 7 A 3
PEMRR , FBONINF O AR /N, FARBET B0 F I
A7 ) B ) 2 B KR B B 1 TH45 (Wan et al, 2012), [F]
At AN I A2 25 R GE P R T X T Al 2 o Y e s
Frgiad BER T, W AR AR AR B, ISR
YiRh sk ol AR S R G RE R S B, i
SR TR R PR AR W TR I A R AT R AR
(Top-down control) 5% M & > A5 25 R 48 AE 4 B2 R 1) mf
Frger= i (Tang et al, 2003). Ffiz5 T 1745 il 5 i )
MR, LIRS ™ 1 (PRI sh 1 =45 1 =
JE 42 il (Wasp-waste control)J=F45 5% i A= 25 R 40 1 vl ¢
2L, IR RS B R IE ST BAEPR AL R I
AFaE FIJCF (Tang et al, 2003), X A] AE A [] 8 A
At 309 A 25 =0 M RN A 1 % S 1) f 2 LU R FE B AR A b
TR Wl I HL I Ak 2 B bR e i S A
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| chthyoplankton Succession and Assemblage Structurein the Bohai
Sea During the Past 30 Years Since the 1980s

BIAN Xiaodong'?, WAN Ruijing’, JIN Xianshi'*", SHAN Xiujuan'?, GUAN Lisha'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Provincial Key Laboratory
of Fishery Resources and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences
Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract The ichthyoplankton assemblage structure and succession in the Bohai Sea were studied
using multivariate statistical analysis of monthly investigation data collected from April 1982 to May
1983 as background. Based on a pooled analysis of the historical data of fish eggs and larvae sampled
from the horizontal trawl surveys during oceanographical expedition cruises over the past 30 years
combined with the field survey of current fish habitat conditions, this study aimed to investigate the
seasonal and interdecadal variations in the species diversity and key species, and the changing
collaboration between the dominant species and the important species in the succession process.
Compared with the survey results of 1982~1983, the profiles of the species number and abundance index
of fish eggs and larvae during the survey season across different survey times present different degrees of
decline (except in winter), and display a tendency towards decline at the beginning and an increase later.
The species number of the fish eggs was only one half in the 1980s, and its abundance index was only one
tenth in the 1980s. The species number and abundance index of fish larvae were only three fourths in the
1980s, however, these have shown an obvious increasing tendency in the recent years during winter.
During the investigation period, species substitution in the early life stages of fish was obvious, otherwise,
the substitution rate was significantly accelerated in the recent years. The dominant species of fish eggs
did not change significantly during the same season in each investigation period, however, variation in the
dominant species in fish larvae was more obvious. The dominance of the continental shelf demersal fish
communities with high commercial value decreased sharply, although some species disappeared in recent
surveys. The biodiversity index of fish eggs and larvae was higher during the sea temperature rising
season and lower during the sea temperature cooling season. The index profiles during the survey season
across different survey times showed a tendency of decreasing first and then increasing. Temperature
adaptation studies on the spawning stock profiles during the survey season across different survey times
showed that species number in each temperature adaptation type showed a tendency of decreasing first
and then increasing. Even so, the seasonal or annual percentage of each type remained stable. Habitat
studies on the spawning stock showed that the species number of the main habitat type also rose after
showing a declining trend first, and presented different degrees of decline. The annual percentage of the
continental shelf pelagic-neritic fish increased, in conjunction with the continental shelf demersal and
benthopelagic fish decrease. Under the multiple sources of exogenous interference factors, irreversible
changes have been taking place in every key link of the recruitment process in the early life stages of the
fish, with habitat loss or fragmentation in the Bohai Sea during the past 30 years. Stressors such as
overfishing and climate change promote multidimensional niche disturbances in the fish community and
structural decline in the fishery resources, while the succession and assemblage structure of the fish eggs
and larvae are the embodiment of this development.

Key words Bohai Sea; Fish eggs and larvae; Recruitment in early life stages; Assemblage structure;
Succession; Decadal variability
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